


1 Introduction

The rise in greenhouse gases (GHG) and concern for global warming has pushed many

countries to adopt market-based policies to reduce pollution. For example, Ireland enacted

a carbon tax in 2010 on most fossil fuels. Chile has recently enacted a pollution tax targeting

large factories and the electricity sector; and European countries like Sweden and Finland had

pioneered in the carbon/energy tax since the early 1990s. US states and local governments

are also taking noteworthy actions to mitigate GHG emissions (Damassa et al., 2012). For

instance, nine northeastern states adopted a cap-and-trade program in 2009 to reduce GHG

emissions in the electricity sector. Boulder, Colorado has approved the carbon tax since

2006, the first ever in the entire country.1

With the conclusion of the 2015 Climate Change Conference in Paris, nations are

expected to raise targets of anthropogenic GHG emission reduction. Energy-intensive man-

ufacturing (e.g. cement), the electric power and transportation industries are expected to

be the most affected by such policies. Due to their scale economies these industries are con-

stantly seeking to consolidate. For instance, the US utility sector has seen the highest levels

of merger and acquisition deals in 2011 (FW December 2012). Thus, nations ought to take

into consideration the effect of industry changes due to restructuring on their modification

of existing environmental policies.

Another example is pollution-intensive manufacturing such as the production of chem-

icals, plastic materials, paint and varnish, pesticides and agricultural chemicals which has

record number of firms seeking to sell their assets in acquisition deals (Factset USA, 2016;

Hettige et al., 1995). In 2015 in the US there were 66 merger and acquisition deals in the

chemical production industry, 24 deals for plastic producers, and 22 deals for pesticide and

agricultural chemical producers. In industries where mergers and acquisitions are taking

place, what is the optimal environmental policy response? The purpose of the study is to

1Source: http://www.carbontax.org/where-carbon-is-taxed/
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examine the role of output distortion associated with mergers and pollution intensity in the

optimal adjustment of emission tax in oligopoly markets.

We set up a model to characterize the optimal emission tax in a Cournot market

where firms are producing differentiated products. We then model a merger among two

firms and examine how the optimally chosen policy changes (if at all) in the post-merger

market. Our result indicates that the adjustment in the emission tax crucially depends on

the post-merger output distortion and pollution intensities. Specifically, given our model

framework we find that the optimal emission tax increases post-merger as long as output

distortion relative to pollution damages is smaller post-merger and pollution intensity of

firms post-merger is sufficiently higher compared to pre-merger values. Furthermore our

result suggests that there is no need to revise environmental policy (specifically emission

tax) post-merger in markets where pollution intensity of firms does not change post-merger

and (i) products are completely differentiated, or (ii) there are many firms for any degree

of product differentiation.

The reason for (i) is that complete product differentiation means limited power for

merged firm to worsen the output distortion post-merger. In addition, since there is no

change in pollution intensity post-merger, there will be no need to adjust the emission

tax after the merger takes place. This underlines the importance of changes in pollution

intensities and changes in output distortions in prompting an optimal change in the emission

tax. The result in (ii) holds because the lack of sufficient output distortion post-merger when

there are many firms in the market, removes the need to adjust the optimal taxation.

The contribution of this study is at the intersection of three important branches of the

existing literature. First, despite the growing number of studies on mergers and acquisitions,

there are not many studies that include pollution parameters and resulting regulation in

their models. The merger literature from Salant et al. (1983) to current (e.g. Blonigen and

Pierce, 2015) has largely focused on examining the motivations for and the effects of mergers
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(among pollution neutral firms) on market power and efficiency. There are merger studies

that examine optimal change in other types of policies after mergers take place, but none of

them examine optimal environmental policies in differentiated markets. For instance, Collie

(2003) shows that the optimal response to mergers in oligopoly markets would be to increase

production subsidy post-merger. If production subsidies are raised post-merger this action

will offset the anti-competitive effect of a merger. Similarly, Huck and Konard (2004) show

that the optimal response of an otherwise laissez-faire country is to introduce subsidies after

firms merge. Likewise Fikru and Lahiri (2013) consider a flexible policy regime in which

governments adjust optimal policy after a cross-border merger takes place. Their study

shows that post-merger the optimal adjustment is to increase production subsidy as long as

local firms acquire a more efficient foreign firm. Hence, the general consensus in the merger

literature is that laxer taxation (e.g., subsidies) is optimal in response to a merger due to

the output distortion created (exacerbated) by the merger. None of these studies examine

the role of product differentiation and pollution intensities in the characterization of optimal

taxation in the presence of mergers. Our contribution to this literature is that we derive

conditions under which stricter taxation is optimal, specifically in the presence of pollution

intensities and product differentiation, even when market power increases following a merger.

Second, the literature on environmental policy in oligopoly markets shows that the

type of market structure and number of firms affect optimal environmental policies. For

example, Lahiri and Ono (2007) show that in Cournot oligopolies the effect of emission tax

on welfare, production, and pollution depends on the specific market structure. On one hand

studies like Ebert (1992), Katsoulacos and Xepapadeas (1996), Requate (2006) and Fujiwara

(2009), just to name a few, suggest that an increase in market power limits production and

pollution; hence, removing the need for stricter environmental regulations. In contrast, our

result suggests that, even if market power increases following a merger, the optimal tax

may be higher post-merger due to asymmetries in pollution intensities. We also find cases

where there is no need to change the optimal emission tax post-merger. Hence, relaxing
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environmental regulation when market power increases should not always be viewed as a

prescriptive solution in oligopoly markets with pollution externalities. On the other hand,

studies like Simpson (1995) show that stricter taxation is optimal in Cournot markets where

asymmetries in pollution intensity are present. The idea here is that a higher emission

tax yields efficiency gains by discouraging inefficient firms in the market. Even though our

analysis does not delve into efficiency aspects, it introduces cases where (in the presence of

mergers) higher taxation is optimal even if asymmetries in efficiency are absent.

A third branch of the literature examines the role of product differentiation on optimal

policy (e.g., Fujiwara, 2009; Poyago-Theotoky, 2003; McGinty and Vries, 2009) and reducing

industry emissions (e.g., Lahiri and Symeonidis, 2007; Gautier, 2013, 2014, 2016). None

of these works look at the role of product differentiation in the presence of mergers. We

contribute to this literature by showing that the degree of product differentiation, in the

presence of mergers, plays a crucial role in optimal taxation: markets characterized by very

differentiated markets are associated with small differences in taxation pre- and post-merger,

whereas in the case of homogeneous goods taxation post-merger could be stricter vis-à-vis

pre-merger taxation.

Mergers have a profound effect that goes beyond changing the number of firms in a

market (Huck et al., 2004). On the one hand, mergers may facilitate innovation some of

which are in cleaner technologies, synergies in reducing pollution intensities and the creation

of high quality greener products (Swart and Marrewijk, 2011; Bena and Li, 2014). On the

other hand, merging firms may prioritize growth, efficiency improvements and value creation

at the expense of environmental protection. In both cases it is important to study if, how

and why optimal environmental policies change as a response to mergers.

Section 2 presents the model framework solving for equilibrium values before and

after a two-firm merger takes place. Section 2.3 presents the welfare maximization problem

and implications for the optimal choice of policy pre- and post-merger. Section 3 compares
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the pre-and post-merger optimal policies. In section 4.1 we focus on the role of pollution

intensity by keeping fixed the level of product differentiation. In section 4.2 we focus on the

role of product differentiation and number of firms by keeping fixed the pollution intensity.

In section 5 we conclude by forwarding some questions for future research.

2 The Model

This section presents the main features of the model. Consider a Cournot oligopoly market

where firms compete in a closed economy for the production of an imperfect substitute. The

production of the good creates environmental externalities such as GHG emissions. Hence,

each firm faces an emission tax and employs pollution abatement techniques. We consider a

fixed number of n firms where each firm produces a differentiated product.

The demand function faced by each firm is adopted from Fujiwara (2009) and Cellini

et al. (2004) and derived from preferences such that Pi = α− (β − γ)qi − γ
n∑
i=1

qi, satisfying

β ≥ γ ≥ 0, α > 0 ∀i, where γ represents the degree of product differentiation in the

industry. γ = 0 captures the extreme case where products are extremely differentiated. γ = β

represents the extreme case of completely homogeneous goods. If products are completely

homogeneous we have the usual market demand Pi = α−β
∑
qi. If products are completely

differentiated, the demand function for product i would be Pi = α− βqi.

Each firm pays a per unit emission tax, t, for the level of pollution it fails to abate.

Therefore, the government collects tei from each firm as tax revenue where e is the emission

level. The emission tax can be thought of a carbon tax of t dollars per ton of carbon dioxide

emissions. We follow Requate (2006) for the structure of the cost function for each firm

i(i = 1, 2, . . . , n). In particular, consider a cost function C = C(q, e) where q and e denote,

respectively, output and emissions for each firm. The function C(·) satisfies (subscripts

denote partial derivatives) Cq > 0, Ce < 0, Ceq < 0, Cqq > 0, Cee > 0, CeeCqq − C2
qe > 0. As
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in Lahiri and Symeonidis (2007) we define the pollution intensity as the ratio −Ceq/Cee.2

The government and firms play a two-stage game where the government sets policy

(i.e., emission tax) via social welfare maximization. Firms then take the policy as given and

maximize profits by simultaneously choosing the level of output and emissions in a Cournot-

Nash fashion. The assumption of simultaneous decision on output and emissions assumes

away issues of the strategic choice of abatement; these have been analyzed elsewhere (e.g.,

Montero, 2002a, 2002b; Carlsson, 2000).

We assume interior solutions and symmetric equilibrium throughout the analysis (Qiu

and Zhou, 2006). Asymmetry in marginal cost of production affects the optimal taxation

in Cournot markets where mergers take place (Fikru and Lahiri, 2013). Thus, by assuming

symmetry we exclude the role of differences in production efficiency in affecting the optimal

tax response. This assumption has also been used in studies which examine other types of

policy responses to mergers (Collie, 2003; Huck and Konard, 2004). We solve the model

by backwards induction, first solving for the firm’s problem and then solving for welfare

maximization.

2.1 Pre-merger market

We characterize the equilibrium in the market before any mergers take place. Define profits

for firms in the pre-merger market as follows

πi = Piqi − Ci(qi, ei)− eit i = 1, 2, . . . , n (1)

Each firm i maximizes πi by choosing qi and ei in a Cournot-Nash fashion, which under

symmetry ( q1 = q2 = ... = q, and e1 = e2 = ... = e) gives

P − βq − Cq = 0 (2)

−Ce − t = 0 (3)

2This ratio arises from differentiation of Ce(q, e); that is, dCe = Ceqdq + Ceede = 0⇒ −Ceq/Cee.
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where P = α−q(β+γ(n−1)) and t denotes the tax faced by firms in the pre-merger market.

The term βq captures the degree of output distortion in the pre-merger market. Equations

(2) and (3) implicitly determine the equilibrium output and emissions in the pre-merger

market.

Differentiation of (2) and (3) gives the effects of tax and product differentiation on

output and emissions:

dq =
(Ceq/Cee)dt(

2β + γ(n− 1) + (CqqCee − C2
qe)/Cee

) − q(n− 1)dγ(
2β + γ(n− 1) + (CqqCee − C2

qe)/Cee
) (4)

de = −Ceq
Cee

[
(Ceq/Cee)(

2β + γ(n− 1) + (CqqCee − C2
qe)/Cee

) + 1/Cqe

]
dt

+
Ceq
Cee

[
(n− 1)q(

2β + γ(n− 1) + (CqqCee − C2
qe)/Cee

)] dγ (5)

where Ceq < 0, Cee > 0, CqqCee−C2
qe > 0 and −Ceq/Cee > 0 denotes pollution intensity. The

above imply that output and emissions fall with the tax and rise with more differentiated

products (decrease in γ). These results are consistent with the literature (Requate, 2006;

Fujiwara, 2009; Gautier, 2015). For example, in a Cournot oligopoly market with fixed

number of firms Lahiri and Ono (2007, p. 118) show that an increase in the emission tax

always decreases firm output because it increases the marginal cost of production. Hence,

an increase in the tax makes the oligopoly distortion relatively worse in the sense that it

reduces production. They also show that an increase in the emission tax reduces emissions.

2.2 Post-merger market

Suppose that out of the n firms in the market, two firms, say firm 1 and firm 2 merge.

As in Qiu and Zhou (2006) a merger can be considered as the combination of two firms

where the newly formed merged entity maintains two separate product lines post-merger.

Furthermore, when firms 1 and 2 merge, they make decisions to maximize their joint profits
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(Qiu and Zhou, 2006). Profits for firm 1 and firm 2, respectively, are defined as follows:

π1 = P1q1 − C(q1, e1)− e1tm (6)

π2 = P2q2 − C(q2, e2)− e2tm (7)

where qi and ei denote output and emissions and Pi the inverse market demand function for

i = 1, 2; tm denotes the tax firms face in the post-merger market. Further, define profits for

the other firms which do not merge (‘outsiders’ according to Salant et al. 1983) but are still

competing against each other and the merged entity in the post-merger market:

π̃i = P̃iq̃i − Ci(q̃i, ẽi)− ẽitm i = 3, 4, . . . , n (8)

Firms 1 and 2 maximize joint profits, π1 + π2, by choosing q1, q2, e1, e2 in a Cournot-

Nash fashion which yields

P1 − βq1 − γq2 − Cq1 = 0 (9)

−Ce1 − tm = 0 (10)

P2 − βq2 − γq1 − Cq2 = 0 (11)

−Ce2 − tm = 0 (12)

where P1 = α − βq1 − γq2 − γq̃(n− 2) and P2 = α − βq2 − γq1 − γq̃(n− 2). In contrast to

the pre-merger market, in the post-merger market the first-order conditions of firms 1 and 2

incorporate the degree of product differentiation by the colluding firms through the merger.

This is captured by the term β + γ. This means that the degree of product differentiation

accounts for the ability of merged firms to restrict output in order to raise profits to the

extent permitted by the degree of product differentiation (Fikru and Gautier, 2016, p. 69).

This plays an important role later in section 4.2. Specifically, product differentiation has a

role in affecting output distortion which is one of the factors (the other factor is pollution

intensity) that dictate the change in optimal policy post-merger.
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Imposing symmetry yields two equations which characterize the equilibrium output,

q1 = q2, and emissions, e1 = e2, for the two merged firms:

α− 2q1(β + γ)− γq̃(n− 2)− Cq1 = 0 (13)

−Ce1 − tm = 0 (14)

The rest of the firms i = 3, 4, . . . , n (or outsiders) maximize π̃ by choosing q̃ and ẽ in

a Cournot-Nash fashion which under symmetry yields

α− 2βq̃ − 2γq1 − γ(n− 3)q̃ − Cq̃ = 0 (15)

−Cẽ − tm = 0 (16)

where P̃ = α − βq̃ − 2γq1 − γ(n − 3)q̃. Equations (13) - (16) implicitly determine the

equilibrium output and emissions, q1, q̃, e1, ẽ.

The comparative statics analysis of the post-merger equilibrium is presented in the

appendix. Consistent with the literature (e.g., Requate, 2006, pp. 140-142; Lahiri and

Ono, 2007) the analysis suggests that output and emissions fall with a tax increase i.e.,

∂q1/∂tm < 0, ∂q̃/∂tm < 0, ∂e1/∂tm < 0, ∂ẽ/∂tm < 0.

2.3 Welfare and optimal tax

We characterize the optimal tax in the pre-and post-merger markets, respectively. To avoid

the proliferation of cases we shall assume a positive optimal tax throughout. In the pre-

merger market the government solves

max
t
W = CS(nq) + nπ + net− ϕ(ne) (17)

where CS(·) denotes consumer surplus and ϕ denotes damages from pollution satisfying ϕ′ >

0, ϕ′′ > 0. We assume strict concavity of the welfare function, W (·). Total differentiation

gives

dW = −nqdP + ndπ + ntde+ nedt− ϕ′nde

= n(P − Cq)dq + n(t− ϕ′)de
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where ϕ′ denotes marginal damages from pollution. Differentiation with respect to the tax

yields

∂W

∂t
= nβq

∂q

∂t
+ (t− ϕ′)n∂e

∂t
(18)

where from first-order profit-maximization P − Cq = −βq = q∂P/∂q. The pre-merger

optimal tax is thus characterized by setting (18) equal to zero.

In the post-merger market, the government solves

max
tm

Wm = CS(q1, q2, (n− 2)q̃) + π1 + π2 + (n− 2)π̃ + (e1 + e2)tm + (n− 2)ẽtm

− ϕ(e1 + e2 + (n− 2)ẽ) (19)

where Em = e1+e2+(n−2)ẽ denotes total emission, (n−2)π̃ denotes profits of outsiders, (n−

2)q̃ denotes output of outsiders. Additionally, we assume that the marginal damage function

is identical across the pre- and post-merger scenarios; this is to facilitate the comparison of

optimal policy across the two scenarios.

Assumption 2.1. The marginal damage function, ϕ′(·), is identical across the pre- and

post-merger scenarios.

Differentiation gives (along with the first-order profit-maximization conditions and

symmetry q1 = q2, e1 = e2)

dWm = −q1dP1 − q2dP2 − (n− 2)q̃dP̃ + dπ1 + dπ2 + (n− 2)dπ̃ + Emdtm + (tm − ϕ
′

m)dEm

= 2(P1 − Cq1)dq1 + (n− 2)(P̃ − Cq̃)dq̃ + (tm − ϕ′)dEm

where Em = e1 + e2 + (n− 2)ẽ = 2e1 + (n− 2)ẽ, and (P1 − Cq1) = (P2 − Cq2) = q1(β + γ),

(P̃ − Cq̃) = βq̃. Hence,

∂Wm

∂tm
= 0⇒ tm − ϕ′ =

[
−2q1(β + γ) ∂q1

∂tm
− βq̃(n− 2) ∂q̃

∂tm

∂Em/∂tm

]
< 0 (20)

where ∂q1/∂tm < 0, ∂q̃/∂tm < 0, ∂Em/∂tm < 0. The right-hand-side term in square brackets

captures the role of the output distortion in the characterization of the post-merger tax, tm.
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For instance, a relatively large value (in absolute terms) of the term in square brackets

implies that the output distortion is large and so the tax post-merger falls accordingly below

marginal damages.

3 Comparing optimal policy pre- and post-merger

To address our research question of what the optimal policy response is to mergers among

polluting firms we compare the optimal tax pre- and post-merger. To make such comparison

we substitute (20) into (18) and examine the sign. If positive, then we may say that the

post-merger tax, tm, is less than the pre-merger tax, t. If negative, then the post-merger

tax, tm, is greater than the pre-merger tax, t. If zero, we may say that tm is equal to t. We

derive and discuss conditions under which the pre-merger tax may be different (smaller or

larger) from the post-merger tax.

Substituting (20) into (18) gives:

∂W

∂t

∣∣∣∣
tm

= nβq
∂q

∂t
−

[
2q1(β + γ) ∂q1

∂tm
+ βq̃(n− 2) ∂q̃

∂tm

∂Em/∂tm

]
n
∂e

∂t
(21)

where ∂Em/∂tm < 0, ∂q/∂t < 0, ∂q1/∂tm < 0, ∂q̃/∂tm < 0, ∂e/∂t < 0. The first term

in (21), nβq∂q/∂t, captures the role of the output distortion in the characterization of the

pre-merger tax, t. The role of pollution abatement via the tax is captured by the term

∂Em/∂tm. The relationship between t and tm and the sign of (21) depends on three things:

the extent of output distortion, the extent of damages from pollution, and the presence of

pollution abatement via the tax. We outline each of these three channels below.

First, if the output distortion in the post-merger equilibrium is large so that the term

in square brackets is relatively large, then (21) is positive. With strict concavity of the

welfare function this implies that tm < t. Thus, the tax in the post-merger market is smaller

than in the pre-merger market if output distortion post-merger is large. On the contrary,
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if the output distortion in the pre-merger equilibrium is large so that the term in square

brackets is relatively small, then (21) is negative. This leads to tm > t.

Second, by the same token if the damage from pollution post-merger is relatively

small, then the tax post-merger is smaller than the tax pre-merger. However, a sufficiently

high pollution damage in the post-merger market would result in tm > t . This is because a

higher tax is required to tackle higher pollution.

Third, we point out to the role of pollution abatement via the tax. In the presence

of pollution abatement via the tax the role of the output distortion in the characterization

of the optimal tax, tm, becomes smaller (i.e., the term in square brackets in (21) is smaller);

this is because with more abatement firms pay less in taxes per unit of output, thereby

raising profits and output. As a result, the difference between the optimal tax and marginal

damages becomes smaller. This effect renders the tax post-merger less likely to be smaller

than the tax pre-merger via the output distortion channel.

To illustrate these effects we re-write equation (21) as follows

−∂Em
∂tm

∂W

∂t

∣∣∣∣
tm

= −nβq∂q
∂t

∂Em
∂tm

+ n
∂e

∂t

[
2q1(β + γ)

∂q1
∂tm

+ βq̃(n− 2)
∂q̃

∂tm

]
(22)

Based on this we find that tm < t if and only if the following inequality holds:

2q1(β + γ)∂q1/∂tm + βq̃(n− 2)∂q̃/∂tm
∂Em/∂tm

>
βq∂q/∂t

∂e/∂t
(23)

The left-hand-side of equation (23) denotes the weight of the output distortion relative to

damages from pollution in the post-merger market, and the right-hand-side captures the

weight of the output distortion relative to damages from pollution in the pre-merger market.

Thus, the tax post-merger is smaller than the tax pre-merger if and only if the output

distortion, relative to damages from pollution, is sufficiently large in the post-merger market.

If output distortion, relative to damages from pollution, is sufficiently small post-merger then

tm > t.
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In contrast to the merger literature which argues that laxer taxation is optimal post-

merger due to market power effects (Fikru and Lahiri, 2013; Collie, 2003, Huck and Konard,

2004), our analysis suggests that relaxing environmental policies is not always an optimal

post-merger solution. This is because our model accounts for a potential change in pollution

damages when the market structure changes due to the merger. In this sense, our model pro-

vides a more general case while previous studies indirectly assume that the change in market

power (due to mergers in our case) is not accompanied by changes in pollution damage. In

addition, our finding suggests that the adjustment in environmental policy crucially depends

on information on output distortion as well as environmental performance of merger par-

ticipants. This may require coordination and communication between environmental policy

makers and other agencies such as anti-trust agencies.

Proposition 3.1. The tax post-merger, tm, is larger than the tax pre-merger, t, if and only if

the output distortion, relatively to damages from pollution, is sufficiently small post-merger.

4 The Case of an End-of-the-Pipe Cost Function

In order to further compare taxes pre- and post-merger we assume a cost function of the

end-of-pipe-type as in Lahiri and Symeonidis (2007). That is, for each firm i (i = 1, 2, . . . , n)

C(qi, ei) = cqi + (δiqi − ei)2/2, where δi > 0 is pollution intensity for each output variety.

Similar to Salant et al. (1983) and Qiu and Zhou (2006, 2007) firms (pre- and post-merger)

have identical constant marginal cost of production, c ≥ 0; this is to eliminate any merger

incentives associated with efficiency gains and synergy. In this way we can eliminate the

need for policy adjustment as a result of loss or gain in efficiency post-merger (Fikru and

Lahiri, 2013). Merged firms and outsiders in the post-merger equilibrium exhibit pollution

intensity, δm. And pre-merger firms exhibit pollution intensity, δ.

Under this cost structure we obtain closed-form solutions for the pre- and post-merger

equilibria using the first-order conditions from section 2 (see the appendix for a detailed
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derivation). We use the closed-form solutions to derive conditions to show that (i) for suf-

ficiently small pollution intensity coefficient post-merger, δm, the tax post-merger is smaller

than the tax pre-merger via the damage from pollution channel, and (ii) for large enough

δm the tax post-merger is smaller because a large pollution intensity post-merger reduces

output post-merger, thereby exacerbating the output distortion post-merger.3

To see these results we re-write equation (22) with β = 1, which implies γ ∈ [0, 1]:

−φ
n

∂W

∂t

∣∣∣∣
0≤γ≤1,δ 6=δm,tm,β=1

= −q∂q
∂t

(
2δm

∂q1
∂tm

+ (n− 2)δm
∂q̃

∂tm
− n

)

+

(
2q1(1 + γ)

∂q1
∂tm

+ (n− 2)q̃
∂q̃

∂t

)(
δ
∂q

∂t
− 1

)
(24)

where φ := ∂Em/∂tm = 2δm∂q1/∂tm + (n − 2)δm∂q̃/∂tm − n < 0, where the last term, n,

denotes the pollution abatement via the tax post-merger, and ∂e/∂t = δ∂q/∂t−1 < 0, where

the last term also denotes abatement via the tax pre-merger; additionally, recall that under

symmetry q1 = q2.

For sufficiently small level of pollution intensity post-merger, δm, the tax post-merger

is smaller than the tax pre-merger: a relatively smaller tax post-merger can be set since the

damage from pollution post-merger is relatively small. The following condition gives tm < t

via the pollution damage channel: (24) is positive if and only if

δm
δ
<

(
2q1(1 + γ) ∂q1

∂tm
+ (n− 2)q̃ ∂q̃

∂t

) (
∂q
∂t
− 1/δ

)
/δ

q ∂q
∂t

(
2 ∂q1
∂tm

+ (n− 2) ∂q̃
∂tm
− n/δm

) (25)

Next, we derive a condition under which tm < t via the output distortion channel.

Substitution of q1, q̃, q, ∂q1/∂tm, ∂q̃/∂tm, ∂q/∂t into (24) yields the following expression.

3Notice that for (i) the pollution intensities, δm and δ, are the terms associated with emissions, and for
(ii) the pollution intensities are associated with the output distortion.
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We assume without loss of generality that c = 0.

−φ
n

∂W

∂t

∣∣∣∣
0≤γ≤1,δ 6=δm,tm,β=1

=
δ(α− δtm)

(2 + γ(n− 1))2

(
−δ2m(2− γ)

2 + γ(n− 1)− γ2
− δ2m(n− 2)

2 + γ(n− 1)− γ2
− n

)

+

(
−2(1 + γ)δm(α− δmtm)

(2 + γ(n− 1)− γ2)2
− (n− 2)δm(α− δmtm)

(2 + γ(n− 1)− γ2)2

)(
− δ2

2 + γ(n− 1)
− 1

)
(26)

whence tm < t if and only if

δm
δ
>

(α−δtm)
(2+γ(n−1))2

(
δ2m(2−γ)

2+γ(n−1)−γ2 + δ2m(n−2)
2+γ(n−1)−γ2 + n

)
(
−2(1+γ)(α−δmtm)
(2+γ(n−1)−γ2)2 −

(n−2)(α−δmtm)
(2+γ(n−1)−γ2)2

)(
−δ2

2+γ(n−1) − 1
) (27)

This condition says that because a sufficiently large pollution intensity post-merger reduces

output post-merger, thereby exacerbating the output distortion, the tax post-merger is rel-

atively smaller in order to address this output distortion.

Remark 4.1. The conditions in (25) and (27) hold with the general cost function and β 6= 1.

Proposition 4.2. Let γ ∈ [0, 1]. Then, optimal tax post-merger, tm, is smaller than the

tax pre-merger, t, if (i) the pollution intensity coefficient post-merger, δm, is small so that

damages from pollution are relatively small, and/or (ii) the pollution intensity coefficient

post-merger is large so that the output distortion post-merger is relatively large.

We extend the analysis in the next two sub-sections by examining the role of pollution

intensity (for a given level of γ) and the role of product differentiation and number of firms

when pollution intensities pre- and post-merger are identical (i.e., δm = δ = δ̂ ).

4.1 The role of pollution intensity

In this sub-section we examine the potential role of pollution intensity on the optimal emis-

sion tax. To do this, we fix the level of product differentiation at the extreme ends. That is,

two cases of γ = 0 and γ = 1 where pollution intensity pre- and post-merger differ. Note that
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as product differentiation decreases, output distortion is exacerbated. That is, γ = 1 means

that the merged entity has more power to restrict output and hence increase the output

distortion. As before the analysis indicates that there are two key channels whereby taxes

differ, namely, damages from pollution intensities and the extent of the output distortion.

In the case where products are completely differentiated (i.e., γ = 0) equation (26)

can be re-written as

−φ
n

∂W

∂t

∣∣∣∣
γ=0,δ 6=δm,tm,β=1

=
δ(α− δtm)

4

(
−nδ

2
m

2
− n

)
+
δmn(α− δmtm)

4

(
δ2

2
+ 1

)
(28)

It is noteworthy that (28) is equal to zero when pollution coefficients are equal, which is

analogous to the analysis in section 4.2 when products are completely differentiated. The

first (second) term in parenthesis captures, as before, the need to tackle damages from pollu-

tion post (pre)-merger. Additionally, the last terms in the expressions in parenthesis denote

pollution abatement induced by the tax since the terms in parenthesis come from, respec-

tively, ∂Em/∂tm and ∂e/∂t. Moreover, in the first term, the expression not in parenthesis

captures the need to address the output distortion pre-merger, whereas in the second term,

the expression which is not in parenthesis, captures the need to address output distortion

post-merger.

From (28) a condition analogous to (25) can be easily derived, which says that tm < t

since pollution intensity is relatively smaller post-merger.4 But importantly, if pollution

abatement via the tax is sufficiently small this condition reduces to the following necessary

and sufficient condition which ensures that the tax post-merger is smaller than the tax

pre-merger: α(δ − δm) > 0. This suggests that output, emissions and therefore taxes pre-

and post-merger differ exclusively via pollution coefficients when products are completely

differentiated.

Proposition 4.3. Let δ 6= δm and products be completely differentiated (γ = 0). Then, in

the case where pollution abatement via the tax is sufficiently small, the tax post-merger is

4An analogous condition to (27) can be derived from (28).
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larger than the tax pre-merger if and only if pollution intensity post-merger is larger than

pollution intensity pre-merger (δ < δm).

Next, we look at the second extreme case where products are homogeneous (γ = 1).

The two key channels driving the results are identical to those in the preceding paragraphs

and conditions analogous. Now, however, because goods are homogeneous the ability of

the merged firm to restrict output increases and so the output distortion post-merger is

exacerbated, thereby affecting how taxes compare post- and pre-merger. To see this in the

case where γ = 1 equation (26) can be re-written as5

−φ
n

∂W

∂t

∣∣∣∣
γ=1,δ 6=δm,tm,β=1

=
δ(α− δtm)

(n+ 1)2

(
−(n− 1)δ2m

n
− n

)
+
δm(n+ 2)(α− δmtm)

n2

(
δ2

n+ 1
+ 1

)
(29)

Comparison of (28) and (29) suggests that the term in the first parenthesis is smaller (in

absolute value) in (29): because of the output restriction when γ = 1, the need to tackle

pollution due to post-merger output diminishes. This implies that it is more likely for the

post-merger tax to be smaller than the tax pre-merger through the damage from pollution

channel. Additionally, the second term (not in parenthesis) in (29) is positive and represents

the effect associated with the output distortion when goods are homogeneous: because of

the ability to restrict output post-merger the output distortion is exacerbated prompting a

lower tax post-merger.

Remark 4.4. Let δ 6= δm and products be homogeneous (γ = 1). Then, the tax post-merger

is more likely to be smaller than the tax pre-merger due to the output restriction by the

merged entity when goods are homogeneous.

The above remark concurs with the implication of previous studies (e.g., Collie, 2003).

However we consider (29) and argue that even in the case where goods are homogeneous, and

5We use the fact that at γ = 1: 2q1 = q̃ and 2∂q1/∂tm = ∂q̃/∂tm.
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therefore the tax post-merger is likely to be smaller than the tax pre-merger, the discrepancy

in taxation becomes small for sufficiently large pollution intensity post-merger. In particular,

consider (29) as a function of δm and suppose it is positive i.e., suppose tm < t because post-

merger the output distortion vis-à-vis damages from pollution post-merger is relatively large.

Specifically, from (29) we obtain6

δm(n+ 2)(α− δmtm)/n

δ2m(n− 1) + n2
>
δ(α− δtm)/(n+ 2)

(δ2 + n+ 1)
(30)

where the numerator of the first and second term captures, respectively, the output distortion

in the post- and pre- merger market. The denominator captures the damages from pollution

in each market, respectively. If the pollution intensity post-merger is sufficiently large (i.e.,

δm → α/tm), then the left-hand-side of (30) becomes very small, which implies that the

condition (inequality) in (30) does not hold. This means that the tax post-merger is no

longer smaller than the tax pre-merger, and the discrepancy between the tax post- and

pre-merger becomes small for large pollution intensity post-merger. This is because as the

post-merger pollution intensity becomes large, post-merger damages from pollution increase

thus resulting in a larger tax post-merger.7

Proposition 4.5. Let δ 6= δm and products be homogeneous (γ = 1). Then, for sufficiently

large pollution intensity post-merger the tax post-merger is not smaller than the tax pre-

merger even in the case where the output restriction arising of the merged firm is large.

Our analysis has important policy implications for pollution-intensive industries which

rely on frequent merger deals for growth. On one hand, policy makers should adjust policy

6This expression is analogous to (23).
7It is noteworthy that in (30) the tax tm is a function of δm and thus tm may rise/fall as δm rises. There

are two possibilities. First, the tax may rise as δm rises. In this case the increase in the tax post-merger
compensates the increase in δm: the numerator in the left-hand-side of (30) becomes smaller via the tax and
also via the pollution intensity (for given tax). The left-hand-side term of (30) becomes smaller faster than
the right-hand-side because of three factors: a larger denominator and a smaller numerator both through a
reduction in δm and tm. The right-hand-side term becomes smaller just via a reduction in the tax. Second,
the tax post-merger may fall as δm rises thus having an ambiguous effect on the numerator of the left-hand-
side term of (30). We are interested in the first case (i.e., where tm rises with δm) since this case yields
a clear-cut result which illustrates the factors leading to a larger tax post-merger even in the presence of
restricted output due to the merger. The case where tm rises (falls) with an increase in δm can be interpreted
as a situation where the government puts more (less) weight on addressing higher pollution.
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to be less strict if such industries show commitments towards improving their environmental

performance post-merger.8 On the other hand, if merger participants are not taking explicit

steps to integrating cleaner production in their merger deals, then the recent global trend

of tightening up environmental regulation would be consistent with welfare maximization

goals.

4.2 The role of product differentiation and competition

In this sub-section we examine the potential role of product differentiation on the optimal

tax adjustment. To do this we rule out the role of pollution intensity by assuming identical

pollution intensity pre- and post-merger, δ = δm = δ̂.

We obtain the following expression from equation (26) under the demand and cost

structures aforementioned, identical pollution intensity coefficients and, as before, without

any loss of generality c = 0 and β = 1, where the latter implies γ ∈ [0, 1]. In particular,

equation (26) can be re-written as follows

∂W

∂t

∣∣∣∣
0≤γ≤1,δ̂,tm,β=1

= µ
[
δ̂2γ2

(
2− γ + δ̂(n− 2)

)
+ (1/2)δ̂3γ(1− γ)(n− 2) (2 + γ(n− 1))

+(1/2) (2 + γ(n− 1))2
(
(1 + γ)(2− γ)2 + 2(n− 2)

)
−n
(
2 + γ(n− 1)− γ2

)2]
(31)

where µ = δ̂(α− δ̂tm)/(δ̂2(n−γ)+n(2+γ(n−1)−γ2))(2+γ(n−1)−γ2)(2+γ(n−1))2 > 0,

and to satisfy non-negative output α− δ̂tm > 0. We derive a set of results under the following

definition based on equation (31).

Definition 4.6. For all γ[0, 1], n > 3, f(γ) := ∂W
∂t

∣∣
tm,β=1,δ̂

8The role of commitment in policy making is important. For instance, Dixit (1997) emphasizes the
importance of commitment in government policy making. Likewise, Aidt (1998) presents factors that cause
governments to adopt taxes that considerably differ from the Pigovian rule. These aspects are key, but in
this paper we assume governments will adopt optimal policies and there are no commitment issues on the
side of the government.
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Definition 4.6 says that f(·) ≥ 0 if and only if tm ≤ t

Proposition 4.7. Let δ = δm = δ̂. Then, pre- and post-merger taxation is identical if

products are completely differentiated.

Proposition 4.7 can be stated formally using definition 4.6: (i) f(0) = 0; (ii) f(γ) > 0 ∀

γ ∈ (0, 1]. Several remarks about these results are in order. First, (i) says that when products

are completely differentiated (i.e., γ = 0) the tax is identical pre- and post-merger. The

reason is that in the case where products are completely differentiated any difference between

the level of output pre-and post-merger becomes small and therefore the level of emissions

pre- and post-merger is similar since pollution intensities are assumed to be identical (i.e.,

δm = δ = δ̂). As a result, the tax is equal pre-and post-merger.

Second, (ii) implies that the tax post-merger is smaller than the tax pre-merger for

any degree of product differentiation. But without further assumptions about parameter

values and tax response (i.e., the sign of dtm/dγ) we can not draw additional conclusions

from the function f(γ). The relationship between the degree of product differentiation and

the difference between the tax pre- and post-merger is non-linear, however. For instance, for

large values of n (and given pollution intensity coefficient, δ̂) the difference between the pre-

and post-merger tax falls; this is because with a larger number of firms the output distortion

becomes small and so the optimal tax pre- and post-merger is equal to marginal damages.

To illustrate this point Figures 1-3 plot equation (31) for several values of n (for given δ̂ = 1

and assuming α − δ̂tm = 1 for simplicity). The figures illustrate the role of competition

in the need to adjust optimal policy post-merger. Specifically, the need to revise optimal

environmental policy declines as the number of firms increases.

5 Conclusion

According to PwC (2013) a majority of corporate managers who anticipate to undertake

merger and acquisition deals are from pollution-intensive industries such as chemical and
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metal manufacturing. Therefore, theoretical merger models should explicitly include pollu-

tion parameters and policies aimed at reducing pollution. In this paper, we examine the

effect of mergers on optimal environmental taxation in a Cournot oligopoly market with

product differentiation. Our chief result is that the adjustment in the emission tax crucially

depends on the relative post-merger output distortion and pollution intensity (see Table 1 in

the appendix for a summary of results). We show that taxation in the post-merger market

may be stricter than taxation in the pre-merger market as long as damages from pollution

are large. This result illustrates the important role of pollution intensity in the analysis of

environmental policy in markets where frequent mergers take place. Moreover, we show that

markets characterized by very differentiated products may not require a change in optimal

policy (i.e., revision of the emission tax is not needed post-merger) thus suggesting that

taxation in the presence of mergers is not necessarily laxer post-merger. We also explore the

role of number of firms and show that no revision in taxation is needed when there are many

firms.

The overarching objective of the present paper is to compare tax policy pre- and post-

merger. The analysis, however, does not touch on a number of important research questions.

For example, how do emissions, abatement, output, profits and welfare compare pre- and

post-merger? In this regard we make a few remarks. First, the literature has delved into the

comparison of output, profits and abatement pre- and post-merger. In particular, Fikru and

Gautier (2016) derive conditions under which mergers are profitable and explore the role of

pollution intensities and product differentiation on profitability. Thus, our chief contribution

to the literature is on the comparison on taxes pre- and post-merger. Second, a potential

line of future research would be to compare welfare pre- and post-merger. Even though

this line of inquiry would require a more in-depth analysis, here we present an example to

illustrate the various effects at play (Fikru and Gautier, 2016). Consider the case where the

pollution intensity in the post-merger equilibrium is sufficiently small. In this case mergers

are likely to be profitable and experience higher levels of output because in this case merged
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firms pay less in taxes (i.e., merged firms are less pollution-intensive). As a result, consumer

surplus effects in the post-merger market are likely to be relatively large vis-à-vis the pre-

merger market. Moreover, with a sufficiently small pollution intensity post-merger, damages

from pollution in the post-merger market are likely to be small thereby raising welfare post-

merger. Therefore, with sufficiently small pollution intensity welfare in the post-merger

market is likely to be larger vis-à-vis the pre-merger market via higher profitability and

consumer surplus effects, but also lower damages from pollution. Now, if differences across

pre- and post-merger pollution intensities are not clear-cut, then welfare effects across the

pre- and port-merger equilibria may be ambiguous, thereby suggesting a potential future line

of research. The specific cases where output/profitability rise/fall with respect to the degree

of product differentiation, the abatement induced by the tax and pollution intensities yield

a myriad of cases, each of which have an impact on welfare. Therefore, a deeper analysis

along these lines is warranted.

An important aspect in merger decisions and environmental policy is the presence

of R&D e.g., environmental R&D. Matsushima et al. (2013) explores, among others, the

role of R&D in the absence of environmental externalities, and Montero (2002a, 2002b), just

to name a few, explore aspects of environmental R&D in the absence of mergers. Thus,

we believe that an important future line of research consists of exploring the role of R&D

on mergers, emissions, abatement and welfare pre- and post-merger. To illustrate, if R&D

reduces marginal production and abatement costs, then emissions fall on the one hand via

lower marginal abatement costs, but on the other production and thus emissions rise via the

reduction in marginal production costs. As a result, the net effect on emissions is ambiguous.

But if the pollution intensity coefficient is sufficiently small in the post-merger market (a

small pollution intensity post-merger is one case we examine in section 3), then the increase

in output (and thus emissions), which takes place via lower marginal cost, is small and, as a

result, cost-reducing R&D results in lower emissions, higher output, abatement and profits.

Welfare in the post-merger market will therefore compare favorably with the welfare in the
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pre-merger market. Given the potential number of cases and role of the degree of product

differentiation, a more in-depth analysis on welfare and profitability would be needed to

derive clear-cut conditions and results.

There are other dimensions in which the current model can be extended in future

studies. One possible direction is relaxing some of the assumptions. For example, the

adjustment in optimal policy may be different if the marginal damage function is allowed to

differ in the pre- and post-merger markets. Relaxing this assumption will bring an additional

channel whereby taxes differ pre- and post merger. Additionally, the policy adjustment may

also depend on the size of the merger. That is, if more than two firms engage in the

merger, the output distortion may be intensified and the post-merger tax could always be

less than the pre-merger tax. Given the recent context of global environmental agreements,

the analysis can be extended to incorporate the analysis of transboundary pollution, and

how governments should design environmental policies after domestic and/or international

mergers take place. Finally, the question of whether firms will still engage in a merger deal

if they anticipate a less favorable change in policy can be addressed by extending the model

given in this paper.
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Appendix

We examine the comparative static effects of the tax, tm, in the post-merger equilibrium.

Differentiation of (13)-(16) yields the following system


−2(β + γ)− Cq1q1 −γ(n− 2) −Cq1e1 0

−Ce1q1 0 −Ce1e1 0
−2γ −2β − γ(n− 3)− Cq̃q̃ 0 −Cq̃ẽ

0 −Cẽq̃ 0 −Cẽẽ



dq1
dq̃
de1
dẽ

 =


0
dtm
0
dtm



where the determinant of the coefficient matrix η < 0:

η = −CẽẽCe1e1
[(

2β + γ(n− 3) +
Cq̃q̃Cẽẽ − C2

ẽq̃

Cẽẽ

)(
2(β + γ) +

Cq1q1Ce1e1 − C2
e1q1

Ce1e1

)
− 2γ2(n− 2)

]

We follow Lahiri and Symeonidis (2007) in the definition of pollution intensity, −Cqe/Cee > 0,

where subscripts denote partial derivatives. When deriving the comparative statics analysis

we assume identical pollution intensity within firms in the post-merger market ; this is to

facilitate the comparison with the pre-merger market. That is, −Cq1e1/Ce1e1 = −Cq̃ẽ/Cẽẽ >

0.

Using the above system the effect of the tax post-merger on output, q1 and q̃ is given

by

η

Ce1e1Cẽẽ
dq1 =

−Ce1q1
Ce1e1

[
2β − γ +

(CẽẽCq̃q̃ − C2
ẽq̃)

Cẽẽ

]
dtm (A.1)

η

Ce1e1Cẽẽ
dq̃ =

−Cẽq̃
Cẽẽ

[
2β +

(Ce1e1Cq1q1 − C2
e1q1

)

Ce1e1

]
dtm (A.2)

where 2β − γ > 0, and CqqCee − C2
eq > 0, Cee > 0 by the properties of the cost function.

Hence, output falls with the tax, i.e., η < 0 and dq1 > 0, dq̃ > 0.
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The effects of the tax post-merger on emissions are given by:

ηde1 = −Ce1q1
Ce1e1

[
−Ce1e1Cẽẽ

Ce1q1
Ce1e1

(
2β − γ +

(CẽẽCq̃q̃ − C2
ẽq̃)

Cẽẽ

)
+ η/Ce1q1

]
dtm (A.3)

ηdẽ = −Cẽq̃
Cẽẽ

[
−Ce1e1Cẽẽ

Cẽq̃
Cẽẽ

(
2β +

(Ce1e1Cq1q1 − C2
e1q1

)

Ce1e1

)
+ η/Cẽq̃

]
dtm (A.4)

The expressions in (A.1)- (A.4) reduce to the following in the special case of the

end-of-pipe-type cost function C(q, e) = cq + (δq − e)2/2, where CqqCee − C2
eq = 0, Cee = 1,

−Cq1e1/Ce1e1 = −Cq̃ẽ/Cẽẽ = δ, where δ is a constant pollution intensity of firms:
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Figure 1: The function f(γ) where δ̂ = 1, 5 ≥ n ≤ 10
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Figure 2: The function f(γ) where δ̂ = 1,n = 20, n = 30, n = 40, n = 50.
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Figure 3: The function f(γ) where δ̂ = 1, n = 100, n = 150, n = 200.
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Table 1: Comparing optimal tax pre- and post-merger with end-of-the-pipe cost function.

Product  
differentiation 

Pollution  
intensities 

Operating channel Taxes Proposition 

 0    1   

m

   small 

Lower pollution 
damage post-
merger 

 tm  t   
4.2 

 0    1   

m

   large 

Higher output 
distortion post-

merger 

 tm  t   
4.2 

   0   m     
Pollution abatement 

via tax is small  tm  t   if  m     
4.3 

   1   m     
Output distortion 
exacerbated post-
merger 

 tm  t  if 
m is 

relatively very large  

4.5 

   0   m     
None 

 tm  t   
4.7 
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